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New technological developments allow even the most 
severely visually handicapped person to read prints sense images^ and 
"?yp^a't'«..^lculators and meters. One of these new developments is the 
OLgtacon^ w^iich converts printed images to vibrations sensed by finger 
touck,^^ ala^ may be used to read print, handwriting, and calculator 
display^-.4nother device, the Visio- Substitutuion System, converts 
visua^^image^**-^ over a IC-inch'^'zu^ea of the user's back, 

ena^biing him to seftHe^^^i complete image. The ^<Sary-coded Output 
.splay is designed to'^^ls^ow reading of meascyring units such as 
meters and counters. The tbc;;hnology of tactile illustration is 
improving, both with coamerc^'k4;ly available -R^actile maps and 
illustrations and with mat^riar&Cjsuch as aluminum foil, paper and 
screen, and cellophane) cidaptableXo ^oidividual needs* Other 
educational aids useful to the visual 
abacus, the geoboard (with fixed pegs 
stretched to teach »umber theory an( 
mockups, and realiai Teachers and ,1; 
devices available Xo help improve ythe> 
handicapped. (IS) 




handicapped include the 
r which rubber bands are 
^etry) , origami, models, 
ians thus have a variety of 
r services to the visually 
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Do you know that even the most severely vi^aally handicapped person 
can read this morning's newspaper, operate an electronic calcxilatort and 
even sense images emitted by an overhead projector? The creation of loedia 
for those who see with their fingers or skin should make the resources in 
schools and libraries available to more people • Developments range from 
sophisticated electronic devices that convert ordinary print into vibrations 
sensed by the fingertip to the realization that heat produced by a projected 
image can be sensed as readily as the image can be seen. This article 
briefly describes some of these developments • 
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!• The Optacon 

The word "Optacon" is derived from the phrase, *optical-to«tactile 
converter** In I960 John Q. LinviU had the ixiea that stush an instrument 
cotild aid the visiaally handicapped, and he and James C. Bliss developed the 
idea at the Electrical Engineering Department of Stanford Ifaiversity. By 
1971 the device was being marketed hy Telesensory Systems, Inc., PaSS Alto, 
California • By 1974 it had passed through the prototype and field-testing 
phases of developMent , and over a thousand were available for sale. 
Approximately 500 were sold in 1974«^ 

The device converts printed images to vibrations • Need for such a 
system .is dictated by the existence of much printed matter that is not in 
'^Braille. Thus, correspondence, notes, classroc«a handouts, as well as many 
books and peidodicals are not available in a format usable by BraHLe-reading 
persons. 

There are two major COTpojients of the Optacon: /the scanner and the 
control-tactile unit (see Figure i). The control^t^Jtile unit weighs , ^ 
approximately four pounds and resembles the si»e and shape of an 
audio-cassette tape recorder* The scanner is sm;^ enough to be grasped in 
one hand., The entire device is powered ty a battery in the control-tactile 
unit. The reader moves the scanner across a line of print so that the 
protruding section of the scanner passes over the letters of the words. In 
this section of the scanner are phototransistors applied to a l/2 X l/^ 
inch silicon chip. As this window of toanststors passes over a letter, the 
one-eighth square inch area is sanq^led. The transistors do not obsearve the 
entire image, but rather iMf points of the image. Whenever one of the 
points is dark (that is, when part of a letter has been olJserved), the 
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appropriate phototransistor is activated | and a coarresponding electrical 

signal is sent to the control -tactile tmit, where a condtoting reed is 

stimulated into vibration^ This flat reedf one of reeds situated 

parallel to the stcrface upon which the 0]9tacon z^estsi is connected to a 

steel wire one-hmdredth inch in diamet^^« A vi.brating reed causes one 

of the 1^ steel wires to vibrate with its tip extending outside the 

housing of the tmit into a finger groove* In carder to sense the vibrations 

the reader places one finger in the groove • The scanning of a letter 

produces vibrations infeose portions pf the finger groove that are analogous 

to that area of the phototransistor array that has been excited by the dark 

portions of letters • And so the reader sees the letter sensing its shape , 

which is reproduced in tactile form on the fingfers* 

Linvill*3 daughter probably has given the Optacon more use than anyone. 

After some 130 hours over seven months of use this college student attained 

a reading speed of fifty words per liiinute. By 197^ she was at the ninety 

2 

words per minute level, about half as well as a reader can do in Braille* 
However, other subjects have shown varying amounts of success, none being as 
adept as Linvill#^ The problem for many readers might be that not all 
visually handicapped person:? know the shapes of the letters of the alphabet* 
The Braille system, is based on the positions of six points in a rectangular 
area, not upon letter shapes* 

■i 

Nothing prevents the Optacon user from reading cursive type (or 
handwritten notes and the like) once he is familiar with the writer's 
handwriting and the ink is dark enough to permit sensing by the phdto trans istoj:^^^^^ 
Successful improvements at present permit a reversal of ground and figure so 
that the scanner will respond to light, rather than dark areas # In this way 
displays on electronic calctOators become readable l:^ the Optacon* Th^ 
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scanner cim be modified the tasor to operate at several inches away from 



the image. Therefore, a typist can use the Optacon to proofread copy 



Future ^evelopments will be spurred by a desire to lower the cost 
of the Optacon \and so inake it more widely available. Research is being 
carried otxt in the area of grey tones in order to find out if the ndrea 

can be made to Iribrate so as to indicate to the user the color or shading 

i 

of the type# 
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II. The Vision Substitution Syi^tem 

This system is being produced at the Smith-JCettlevrell Institute 
of Visual Sciences, Pacific Ifedical Center ♦ San BVancisco, California » 
hy Paul Bach^y-Rita, Carter Collins, -fVank A. Saunders, Benjamin 
White, and Imrence Soadden# The first model was ooiqpleted in 1969 after 
about five years work, and it is still in the prototype stage* 

The system consists of a television camera , electrical switching 
equipment, and tactile stisiulators that are attached to a chair (sea 
Figure 2)« A camera tripod is used becatise tha. modified version of a 
television camera is too heavy to be hand held* Switching equiptosnt 
converts the video images to electrical impulses that travel to the \^ 
tactile stimulators* The vibration ai*e provided W)0 Teflon-coated 
pro(bes, which pass throu^ smail hole^ in four arrays of 100 probes "each* 
The ^^attam of vibration is thej pattern that has been sensed by the camera* 
The entire set of ^400 probes isl installed in the back of a chair, 

and the .vibrations are felt ly,ihe bate back of the xiser over an area of 

\ ^ 
ten square inches* The back ha* been used rather than fingertips beca^use 

it provided a large surface area that receives a relatively small amount 

of stimulation from outside sou;rces* The hands are left free so that should 

the device become portable, the user would be able to manipulate things 

other than the c^mer^* Presently, the user's hands are involved in 

controlling the camera's aim, zoom, and lens opening* . 

Although this is a monocular system, three -dixnexisionality can be 

suggested to the Tiser if there ^s notice of^such itei^ as size changes in 

moving objects or the moving of an object between the camera and some other 

object* Users have been able to recognize within-room objects such as 

telephones, photographs of faces, and large txLock-letter uords.^ 
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III. Binary-coded Output Displ^ays 

Another type of device is the tactile readiig unit developed "by 
Elm SysteiQS, Inc., Arlington Heights, Illinois* Ajiy tneasuring instnaaent 
(such as a voltmeter or counter) that is or can be converted to outputting 
binary-coded information may be ^'attached to the ta ctile unit. The luiit 
coMists of seven rows of four pins each. Each rojy represents a decixaal 
digit. Each pin represents a binajy 4igit. When 
one and two in a given row, he knows that l(2)^ + 
is the decimal digit in this position. The operator feels all seven rows 
if he wants seven decimal digits of infornation. The thumb is placed in a 
position where it can be. touched by a raised pin tjiat ix^dicates the sign of 
the output. 



:he operator feels pins 
(2)^ + 0(2)^ + 0(2)^ = 3 
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IV# lUtistrations / 

The developmant of tactiial illnstrationa for and ty the vistwuLly 
handicapped has been a slow process • It is true that the Axnerican Printi|ig 
House for the Blind and other concerns manofacttire dissected maps that 
provide inf oraation on political and geographical borders and on topological 
features • Political information is atq)plied \sy a znap constxnioted as pieces 
of a puszle that can be taken apart and studied^ Maps with discemable 
ridges and depressions that represent mountains and bodies of watef show 
geographical facts t and these maps are more conveniezxtly subsumed under 
the heading "Illustrations" than are dissections. The finer maps supply 
much more information than the dissections ~ so much information that 
research is going on trying to decide how tactual maps should be read: 
With one hand? With two hands? With how many fingers? With vertical or 
horizontal scanning of the fingers?^ Perhaps manufacturers should find 
the answers before they atteii5)t to create the optimum tactual map. 

In any caset if a visually handicapped person lacks eacperience in 
relating real objejsts to symbols > a map or any other illtustratioir^wll not 
convey all of the information it co^;itains. Thus, educators beay the 
burden(^ preparing the students to use well media such as tactual 
illustrations* !Phe illustrations for the visually harKjicapp0d should not 
be identical tracings of those illustrations used for sighted persons no 
more than translations of texts fwm one language to another should or can 
be perfectly literal. Although a Braille writer might^transcribe the printed 
words of a text into the raised dots of the Braille syaibols quite automatically t 
he might fail to make illustrations understandable ^ Visually handicapped 
readers often have problems with the relationships between different symbols 
in an illustration t between syznbols and ground » betw^l^identical symbols in 

9 
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ox*ientatioiis » as well as between symbols and their real-life 
cotuiterparts*^ 

Much of tactual illustrating is created tising different kinds of 
raised-line techniques that are analogojis to the differiiTt-4cind8 of type 
face. But although different raised-line^^wings give different iirfQmation 
to the reader, not all of them are as easily amenable to reproduction as is 
printed material. 

Alumiman Foil 

Using aluminum foil to create illustrations has the distinct advantage 
of allowing reproduction by the Thermoform machine, a duplicating machine 
that treats the aluminum sheets as masters for making copies with the same 
tactual qualities as the original • One problem with this procedure is that 
the master drawing appears on the opposite side of the sheet upon which the 
artist is working with^ such tools as a cutting \rtieel, stylus » axKi sculpting 
stick • The stick produces one of this method's more obvious advantages: the 
ability to create raised lines at different heights. Erasures are easily 
made by applydng proper pressure to the side of the illustration that is felt 
hy the reader • 

Bp Paper and Screen 

Another method of illustrating uses paper that is claii9>ed onto a 
flat surface such as a wooden cutting board. Between board and paper is 
placed fine mesh screening. The tools used here are such items as the 
cutting wheel and stylus* Although the results are not perfect, the screen 
causes an easily felt texture to be applied to the drawing • Since the meditm 
is paper, erasure of folds, holes, or indentations is virtually impossible, 
as is mass reproduction of the textijre in some form of copying machine • 
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C> Cellophane ^ 

When a stylus with a ball-bearing tip is applied to cellophane raised 
lines are ptallod out from the mediian toward tbs aortist* Thus, unlike the 
previous two methods, the artist works on thi same side of the medium that 
the reader feels • Disadvantages of using cellophane inclide the inqpossibility 
of machine reproduction and the fact that daitqp hands or tools play havoc 
with the material • Erasure is possible, but the^re passage of time allows 
the surface to fall back to its original flat texture , thus destroying the 
illustration. 

A related developjient is the use of plastic sheets for letter writing. 
The sheets have anbossed lines that serve as guides to the writer, yiho need 
not write in reverse as scra^ artists most do when making raised -line drawings. 
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V. Educational Aids 



Although any of the above-^ntioned developments can be applied to 
classroom situations, there are several areas of research that have been 
specifically concerned with the education of the visually handicapped. 

A> The Abacus 

The abacus has long been a tiseftil tool for teaching schoo^^^thematics 
to the visually handicapped. In 196^^ Tim V. Cranmer modified it by enlarging 
its structure in order to make the columns of beads easier to distinguish 
and placing a foam backing under the beads to prevent accidental movements 

from disrupting their status.^ Although the abacus has been used for both 

/ 

teaching mathematical concepts and perfoxming calculations, better rules 
.might be needed to insure the optimum use of the thumb and index tii^ipr. ' 
These fingers must not only Manipulate the beads for calctilating and 
clearing but they must also road the status of the beaxJs. Pature developnents 
might include differently' shaped beads to distin^ish between columns, somte ^ 
means for preventing slippage of the abaci© and its beads, and a still larger 
frame* 

Th^ Qeoboayd 

The geoboard is a peg board device /l^iat was originally developed 
by Caleb Oattegno for teaching mathematiok* both sighted and unsighted 
persons can use it. The pegs are as stationary as the poijits on a graph, 
and^^rubber bands are stretched from peg to peg to represent the perimeters 
of various two^-dlmsnslonal geometric figures* The pegs are usually arranged 
in a rectangular array similar to the vibrating wires ia the Optacon, The 
present mod^ is tuseful in teaching the number theory and analytical geometry 

12 
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concepts t and as long as the pegs are spaced widely apart, vistaally^ 
handicapped stxidents can manipulate the rtibber bands and feel the ataVt 
of the pegs and rubber bands^.-- Innovators might experiment with nonreol 
arrangements and nonflexible substitutes for rubber bands. At present all 
figures on the geoboard are closed. Even a line segment is represented by 
an oblong-shaped figure. Perhaps a nonflexible medium t such as wire, mi^t 
he^ educators widen the uises for the geoboard. 



Origan^ * 

This traditional Japanese art of folding paper to r^jresent floweri 
and other objects ca^^Jhelp visually handicapped students, to undeifetand 
geometric concepts t but thb paper must have sufficient texttire and substance 

to clearly define the intersections of lines. Braille aaper is stzitable* 

\ 

In a sense, :^e student is creating a type of raisedtltne drawing without 

\ 

tising artist *Sv tools. 

\ ' 
D> Other Educatibnal Aids 

Models t mooku]^t and realia are among the more obvious tools that the 

teacher\^the visually handicapp«|0 can use. Yet in some fields t such as 

sex educatiiont these med^ are only now becoming .accepted.'' The definition 

of ^mSdel'^ caajbe stretched, to include , the vap-^of such concepts as 

. and silhouette* ^vistMLLly a^idicapg^d^rs^^ can certainly f eeflfthe heat 

or absence of heat from, say^-^projection of light and dark areas by an 

overhead project^^r^^ofiles of people sta^^jag in the line of the projection 

or slUigne^s placed on the Overhead cai^:>e sensed hy the skin, i^eh can 

I^stingrj^h gradations of temperature* 
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For stiidents and teacihers of art there is cognisance of the fact that 

both^the sighted and unsifted can appreciate certain types of art through 

» 

the sense of toticht but only recently has the world begun to realize that the 
sightless can also create artsnd see the restilts* Traditional sculpttire is 
probably the most obvious area of participation t but it is a viable 
possibility that the sightless artist might be able to create a whole new 
world of art out of the pleasurable or trauinatic ejqperiences that he has had 
with the electronic scaxming equipment, he carries on his back* 
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VI, Concltision 



Althoii^ not all tactile media are available to all the visually 
handicapped t development of these devices azKi techniques can only hasten 
the day when schools, libraries, and other institutions STq)ply eqxial 
seiTVices to all persons* For now, teachers and librarians for the sighted 
have an obligation to be avare of media that ndght evolve into iag)ortant 

y 

components of their sjKhrices, 
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